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EP 4 164 010 B1
Description
TECHNICAL FIELD

[0001] The present invention relates to the field of recycling hydrogen fuel cells, and more particularly, to a method
for recycling a hydrogen fuel cell of a new energy vehicle.

BACKGROUND

[0002] A fuel cell has no pollution to the environment. Electrochemical reaction rather than combustion (gasoline and
diesel) or energy storage (storage battery) which is the most typical traditional backup power solution that will release
pollutants such as CO,, NO,, SO, gas and dust while combustion, is employed in the fuel cell. As mentioned above, the
fuel cell only generates water and heat. If hydrogen is generated by renewable energy sources (photovoltaic panels,
wind power generation, or the like), the whole cycle is a process that does not produce harmful substances completely.
According to Energy Storage International Summit, as a clean energy source with zero emissions in the true sense, the
application of hydrogen fuel cells in developed countries is accelerating. The fuel cell has gone from laboratory to
industrialization. Compared with a lithium battery, it has the advantage of zero pollution.

[0003] However, with the continuous and extensive use of the hydrogen fuel cells, the end of life of some old hydrogen
fuel cells is approaching, and there are a large number of high-value components in the hydrogen fuel cells, such as
various valves and gas pipelines, valuable metal wastes, precious metal platinum in catalysts, and the like. The availability
of these high-value wastes makes recycling significant. At present, the recycling of precious metal platinum in catalysts
may be summarized as carbonyl platinum chloride method, molten salt electrolysis method, zone smelting method,
ammonium chloride repeated precipitation method, sodium bromate hydrolysis method, oxidized carrier hydrolysis meth-
od, and the like. The carbonyl platinum chloride method and the molten salt electrolysis method are limited to large-
scale production and application due to complicated technological processes and tedious operations thereof. The sodium
bromate hydrolysis method and the oxidized carrier hydrolysis method have a large amount of solution treatment and
need a long time to stand and clarify, which takes up space and site, has a long generation period, and cannot be applied
to large-scale production. Therefore, the existing recycling processes have the defects of high labor intensity, low pro-
duction efficiency, inconvenient operation and high energy consumption.

[0004] Patent document (CN101130192) discloses a method for recovering catalyst from a membrane electrode,
which comprises stripping the matrix material of the membrane electrode, and then recovering the catalyst from the
membrane electrode stripped of the matrix material, wherein the method for stripping the matrix material of the membrane
electrode comprises contacting the membrane electrode with a solvent, wherein the amount of the solvent and the
contact conditions are sufficient to strip the matrix material of the membrane electrode from the membrane electrode,
and the solventis a solvent capable of swelling the matrix material of the membrane electrode. In the method, a membrane
electrode is soaked in a solvent which can swell the matrix material of the membrane electrode, namely a proton exchange
membrane, which is a polymer material, and can absorb liquid solvent to cause physical swelling; after the matrix material
swells, the catalytic layer naturally falls off the surface of the matrix material, so that the matrix material is completely
stripped from the membrane electrode. Therefore, the stripping method adopted by the catalyst recovery method is
simple in process and suitable for stripping the substrate material of the membrane electrode.

SUMMARY

[0005] The object of the present invention is to provide a method for recycling a hydrogen fuel cell of a new energy
vehicle. According to the method, a platinum element in the hydrogen fuel cell can be efficiently recycled, high-purity Pt
can be prepared by combining a chlorination evaporation method with a chemical reduction method, precious metal
resources are effectively saved, and the recycling process has the advantages of being easy and convenient to operate
and high in production efficiency.

[0006] To implement the foregoing object, the present invention employs the following technical solutions.

[0007] The invention is defined in the appended claims.

[0008] A method for recycling a hydrogen fuel cell of a new energy vehicle includes the following steps of

(1) discharging and disassembling a hydrogen fuel cellto obtain a hydrogen supply system, an air supply system,
a cooling system and a galvanic pile;

(2) disassembling the galvanic pile into a catalyst and carbon cloth, and ashing to obtain ash;

(3) adding an auxiliary agent into the ash, mixing, introducing inert gas, heating, introducing oxidizing gas, and
absorbing tail gas by using an ammonium salt solution; and

(4) adding a reducing agent into the ammonium salt solution absorbing the tail gas in step (3) to react, filtering,
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EP 4 164 010 B1
taking and cleaning a filter residue to obtain Pt.

[0009] Preferably, in step (1), the specific treatment process of the hydrogen supply system refers to: further disas-
sembling the hydrogen supply system to obtain a hydrogen ejector, a high-pressure hydrogen sealing valve, a reducing
valve, a hydrogen tank, a hydrogen circulating pump, an inverter, a hydrogen concentration sensor, a hydrogen tem-
perature sensor, a hydrogenation control unit, a hydrogen pressure sensor, and a hydrogen pipeline.

[0010] Preferably,inthe process ofdischargingin step (1), sealing performances of the high-pressure hydrogen sealing
valve, the reducing valve and the hydrogen tank are checked. If there is no air leakage, the high-pressure hydrogen
sealing valve, the reducing valve and the hydrogen pipeline are recycled as old parts for repeated utilization. If the
hydrogen tank has good sealing performance and is within a service life thereof, the hydrogen tank is recycled for
repeated utilization. If the sealing performances of the high-pressure hydrogen sealing valve, the pressure reducing
valve, the hydrogen tank and the hydrogen pipeline are not good, the high-pressure hydrogen sealing valve, the pressure
reducing valve, the hydrogen tank and the hydrogen pipeline will be directly recycled as waste metal materials. If the
hydrogen ejector, the hydrogen circulating pump and the inverter operate normally in the discharging process in step
(1), the hydrogen ejector, the hydrogen circulating pump and the inverter will be recycled for repeated utilization; otherwise,
the hydrogen ejector, the hydrogen circulating pump and the inverter will be further disassembled and classified according
to the material categories and recycled. The hydrogen concentration sensor, the hydrogen temperature sensor, the
hydrogenation control unit and the hydrogen pressure sensor are directly disassembled and classified according to the
material categories and recycled.

[0011] Preferably, in step (1), the specific treatment process of the air supply system refers to: further disassembling
the air supply system to obtain an air compressor, a muffler, an air valve module, and an air pipeline.

[0012] The air compressor and the muffler will be recycled for repeated utilization if the air compressor and the muffler
operate normally in the discharging process described in (1). The air valve module and the air pipeline will be recycled
for repeated utilization if there is no air leakage in the discharging process mentioned in (1), otherwise, the air valve
module and the air pipeline will be recycled as waste metal materials.

[0013] Preferably, in step (1), the specific treatment process of the cooling system refers to: further disassembling the
cooling system to obtain a water pump, a radiator, a deionization device, and a thermostat (three-way valve).

[0014] If the water pump, the radiator, the deionization device, and the thermostat operate normally in the discharging
process in step (1), the water pump, the radiator, the deionization device, and the thermostat will be recycled for repeated
utilization; otherwise, the water pump, the radiator, the deionization device, and the thermostat will be further disassem-
bled and classified according to the material categories for recycling.

[0015] Preferably, in step (2), the ashing is carried out at a temperature of 400°C to 600°C, and lasts for 30 minutes
to 60 minutes.

[0016] The object of the above ashing is to remove carbon, burn out the carbon cloth and generate carbon dioxide,
so that the catalyst can be directly separated from the carbon cloth.

[0017] In step (3), the auxiliary agent is one of NaF, CaF,, KCI, NaCl or CaCl,.

[0018] The above-mentioned auxiliary agent is a solid chlorinating agent, wherein the solid chlorinating agent will be
completely or mostly decomposed into a gaseous chlorinating agent such as chlorine gas or HCI during the reaction
process and then working, so that the ash will be chlorinated, and enter the ammonium chloride solution with chlorine gas.
[0019] Preferably, in step (3), a weight ratio of the ash to the auxiliary agentis 1 : 1 to 5.

[0020] Preferably, in step (3), the inert gas is one of nitrogen, helium or argon gas.

[0021] In step (3), the oxidizing gas is one of chlorine gas or bromine gas.

[0022] Preferably, in step (3), the ammonium salt solution is one of ammonium chloride solution or ammonium bromide
solution.

[0023] Preferably, in step (3), the inert gas is introduced at a flow rate of 1 mL-min-! to 30 mL-min-, and lasts for 5
minutes to 15 minutes.

[0024] Preferably, in step (3), the oxidizing gas is introduced at a flow rate of 1 mL-min-1 to 30 mL-min-1, and lasts for
20 minutes to 60 minutes.

[0025] Preferably, in step (3), the ammonium salt solution has a concentration of 1 mol-L-! to 5 mol-L-".

[0026] In step (3), the temperature is raised to 1,000°C to 1,200°C at a rate of 2°C-min-! to 6°C-min-1.

[0027] Preferably, in step (4), the reducing agent is one of sodium thiosulfate, sodium borohydride or hydrazine.
[0028] More preferably, in step (4), the reducing agent has a mass concentration of 40% to 100%.

[0029] Preferably, in step (4), a volume ratio of the ammonium chloride solution to the reducing agentis 1: (0.1 to0 0.3).
[0030] Preferably, in step (4), the further purification process of Pt after preparing Pt in step is as follows: adding a
leachate into Pt, heating, washing, filtering, taking a filtrate, adding a reducing agent for reaction, filtering, taking and
cleaning a filter residue to obtain pure Pt, wherein a mass ratio of Pt to the leachate is 1: (10 to 20).

[0031] More preferably, the leachate is aqua regia, and the aqua regia has a mass concentration of 50% to 100%.
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Beneficial effects
[0032]

1. According to the present invention, the platinum element in the hydrogen fuel cell can be efficiently recycled, the
high-purity Pt can be prepared by combining the chlorination evaporation method with the chemical reduction method,
the precious metal resources are effectively saved, and the recycling process has the advantages of being easy
and convenient to operate and high in production efficiency.

2. The present invention is the first recycling process for the hydrogen fuel cells in China, which can safely separate
gas cylinders containing residual fuels and reduce the safety risks of the gas cylinders containing the residual fuels.
3. According to the present invention, all the components of the hydrogen fuel cell are recycled, and some parts
can be fully utilized in steps, thus saving the economic cost. In each ton of hydrogen fuel cells, the recycling rate of
Ptis 99.7% and the purity of Pt crude product is 99.9%; the recycling rate of Cu is 98.6%, and the recycling rate of
Feis 98.7%; the recycling rate of Znis 99.5%; the recycling rate of Al is 99.8%; and the recycling rate of plastic is 99.5%.

BRIEF DESCRIPTION OF DRAWINGS
[0033] FIG. 1isaflowchartofahydrogenfuel cellrecycling process according to Embodiment 1 of the present invention.
DETAILED DESCRIPTION

[0034] In order to make the technical solutions of the present invention clearer to those skilled in the art, the following
embodiments are listed for explanation. It should be noted that the following embodiments do not limit the scope of
protection claimed by the present invention.

[0035] Unless otherwise specified, the raw materials, reagents or devices used in the following embodiments can be
obtained from conventional commercial sources or by existing known methods.

Embodiment 1
[0036] A method for recycling a hydrogen fuel cell of a new energy vehicle included the following specific steps of:

(1) discharging a hydrogen fuel cell until a hydrogen fuel in a hydrogen storage tank was completely exhausted,
and disassembling the hydrogen fuel cellto obtain a hydrogen supply system, an air supply system, a cooling system,
an electric control system and a galvanic pile;

(2) further disassembling the hydrogen supply system to obtain a hydrogen ejector, a high-pressure hydrogen sealing
valve, areducing valve, a hydrogen tank, a hydrogen circulating pump, an inverter, a hydrogen concentration sensor,
a hydrogen temperature sensor, a hydrogenation control unit, a hydrogen pressure sensor, and a hydrogen pipeline;
further disassembling the air supply system to obtain an air compressor, a muffler, an air valve module, and an air
pipeline; and further disassembling the cooling system to obtain a water pump, a radiator, a deionization device,
and a thermostat (three-way valve);

(3) further disassembling the galvanic pile to obtain metal fasteners such as a screw stem, alloy bipolar plates and
a plastic shell for direct recycling, directly discarding graphite bipolar plates, further disassembling membrane elec-
trodes to directly recover proton exchange membranes as polymers, placing the obtained catalyst and carbon cloth
in a ceramic crucible, and ashing the ceramic crucible in a muffle furnace at 400°C for 30 minutes to obtain ash;

(4) placing the ash in mortar, adding NaF according to a weight ratio of 1: 1, grinding the mixture evenly, pouring
the mixture into a corundum porcelain boat and then placing the boat in a middle heating zone of a tube furnace,
introducing nitrogen at a flow rate of 1 mL-min-1, absorbing the tail gas with 30 mL of ammonium chloride solution
with a concentration of 1 mol-L-!, introducing nitrogen for 5 minutes, then raising the temperature to 1,000°C at a
heating rate of 2°C-min-1, switching to another gas channel to introduce the chlorine gas for 20 minutes, then
switching back to the nitrogen again, turning off the heating system, cooling to room temperature, and turning off
the chlorine gas;

(5) adding the ammonium chloride solution absorbing the tail gas into sodium thiosulfate solution with a mass
concentration of 40% according to a volume ratio of 1: 0.1, filtering, cleaning, and taking a filter residue to obtain
crude Pt; and
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(6) adding aqua regia with a mass concentration of 50% into the crude Pt according to a mass ratio of 1: 10, heating
the mixture to slight boiling for 5 minutes, rinsing the cup wall with 5 mL of deionized water, filtering, taking and
adding the filtrate into sodium thiosulfate solution with a mass concentration of 40% according to a volume ratio of
1: 0.1, filtering, cleaning, and take a filter residue which was pure Pt.

Embodiment 2

[0037] A method for recycling a hydrogen fuel cell of a new energy vehicle included the following specific steps of:

(1) discharging a hydrogen fuel cell until a hydrogen fuel in a hydrogen storage tank was completely exhausted,
and disassembling the hydrogen fuel cellto obtain a hydrogen supply system, an air supply system, a cooling system,
an electric control system and a galvanic pile;

(2) further disassembling the hydrogen supply system to obtain a hydrogen ejector, a high-pressure hydrogen sealing
valve, areducing valve, a hydrogen tank, a hydrogen circulating pump, an inverter, a hydrogen concentration sensor,
a hydrogen temperature sensor, a hydrogenation control unit, a hydrogen pressure sensor, and a hydrogen pipeline;
further disassembling the air supply system to obtain an air compressor, a muffler, an air valve module, and an air
pipeline; and further disassembling the cooling system to obtain a water pump, a radiator, a deionization device,
and a thermostat (three-way valve);

(3) further disassembling the galvanic pile to obtain metal fasteners such as a screw stem, alloy bipolar plates and
a plastic shell for direct recycling, directly discarding graphite bipolar plates, further disassembling membrane elec-
trodes to directly recover proton exchange membranes as polymers, placing the obtained catalyst and carbon cloth
in a ceramic crucible, and ashing the ceramic crucible in a muffle furnace at 500°C for 45 minutes to obtain ash;

(4) placing the ash in mortar, adding KCl according to a weight ratio of 1: 3, grinding the mixture evenly, pouring the
mixture into a corundum porcelain boat and then placing the boat in a middle heating zone of a tube furnace,
introducing nitrogen at a flow rate of 15 mL-min-1, absorbing the tail gas with 35 mL of ammonium chloride solution
with a concentration of 3 mol-L-1, introducing nitrogen for 10 minutes, then raising the temperature to 1,100°C at a
heating rate of 4°C-min-1, introducing chlorine gas for 40 minutes, then switching back to the nitrogen again, turning
off the heating system, cooling to room temperature, and turning off the chlorine gas;

(5) adding the ammonium chloride solution absorbing the tail gas into sodium borohydride with a mass concentration
of 60% according to a volume ratio of 1: 0.2, filtering, cleaning, and taking a filter residue to obtain crude Pt; and

(6) adding aqua regia with a mass concentration of 75% into the crude Pt according to a mass ratio of 1: 15, heating
the mixture to slight boiling for 7 minutes, rinsing the cup wall with 7 mL of deionized water, filtering, taking and
adding the filtrate into sodium borohydride with a mass concentration of 40% according to a volume ratio of 1: 0.1,
filtering, cleaning, and take a filter residue which was pure Pt.

Embodiment 3

[0038] A method for recycling a hydrogen fuel cell of a new energy vehicle included the following specific steps of:

(1) discharging a hydrogen fuel cell until a hydrogen fuel in a hydrogen storage tank was completely exhausted,
and disassembling the hydrogen fuel cell to obtain a hydrogen supply system, an air supply system, a cooling
system, an electric control system and a galvanic pile;

(2) further disassembling the hydrogen supply system to obtain a hydrogen ejector, a high-pressure hydrogen sealing
valve, areducing valve, a hydrogen tank, a hydrogen circulating pump, an inverter, a hydrogen concentration sensor,
a hydrogen temperature sensor, a hydrogenation control unit, a hydrogen pressure sensor, and a hydrogen pipeline;
further disassembling the air supply system to obtain an air compressor, a muffler, an air valve module, and an air
pipeline; and further disassembling the cooling system to obtain a water pump, a radiator, a deionization device,
and a thermostat (three-way valve);

(3) further disassembling the galvanic pile to obtain metal fasteners such as a screw stem, alloy bipolar plates and
a plastic shell for direct recycling, directly discarding graphite bipolar plates, further disassembling membrane elec-
trodes to directly recover proton exchange membranes as polymers, placing the obtained catalyst and carbon cloth
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in a ceramic crucible, and ashing the ceramic crucible in a muffle furnace at 600°C for 60 minutes to obtain ash;
(4) placing the ash in mortar, adding NaCl according to a weight ratio of 1: 5, grinding the mixture evenly, pouring
the mixture into a corundum porcelain boat and then placing the boat in a middle heating zone of a tube furnace,
introducing nitrogen at a flow rate of 30 mL-min-1, absorbing the tail gas with 40 mL of ammonium chloride solution
with a concentration of 5 mol-L-1, introducing nitrogen for 15 minutes, then raising the temperature to 1,200°C at a
heating rate of 6°C-min-1, introducing chlorine gas for 60 minutes, then switching back to the nitrogen again, turning

off the heating system, cooling to room temperature, and turning off the chlorine gas;

(5) adding the ammonium chloride solution absorbing the tail gas into hydrazine with a mass concentration of 100%
according to a volume ratio of 1: 0.3, filtering, cleaning, and taking a filter residue to obtain crude Pt; and

(6) adding aqua regia with a mass concentration 100% into the crude Pt according to a mass ratio of 1: 20, heating
the mixture to slight boiling for 10 minutes, rinsing the cup wall with 10 mL of deionized water, filtering, taking and
adding the filtrate into hydrazine with a mass concentration of 100% according to a volume ratio of 1: 0.3, filtering,
cleaning, and take a filter residue which was pure Pt.

Comparative Example 1 (CN104745836A)

[0039] A platinum recycling refining process included the following process steps of:

a. carbonizing a platinum-containing material for 1.5 hours to 2.5 hours at 750°C to 850°C;

b. cooling to a room temperature and then adding aqua regia to dissolve the material at a temperature control
between 65°C and 75°C until the material was completely dissolved;

c. adding ammonium chloride and precipitating for 0.5 hour to 1.5 hours, and after precipitating, filtering and washing
ammonium chloroplatinate;

d. adding sodium hydroxide till dissolving in 20 minutes to 40 minutes to form a dissolution solution;

e. heating the dissolution solution obtained in the step d to 45°C to 55°C and then adding hydrazine hydrate for
reducing, and reacting for 0.5 hour to 1.5 hours to finish platinum recycling; and

f. drying the reduced platinum powder.

Recycling efficiency:

[0040]
Table 1 Recycling status and cost of Embodiment 2
Recycling rate Recycling amount (per ton of Crude product purity Process cost

Recycling object (%) battery) (%) (RMB)

Pt 99.7 60.56 g 99.9 231

Cu 98.6 82.62 kg 99.6 36

Fe 98.7 636.5 kg 98.7 23

Zn 99.5 1.2 kg 99.5 103

Al 99.8 160.9 kg 99.8 41
Plastic 99.5 67.0 kg 99.2 37
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Table 2 Recycling status and cost of Embodiment 3

Recycling rate | Recycling amount (per ton of Crude product purity Process cost
Recycling object | (%) battery) (%) (RMB)
Pt 99.3 58.36 g 99.8 246
Cu 98.5 81.99 kg 99.4 42
Fe 98.6 631.7 kg 98.5 29
Zn 99.2 1.13 kg 99.3 125
Al 99.5 159.6 kg 99.5 44
Plastic 99.3 65.8 kg 99.1 39

Table 2 Recycling status and cost of Comparative Example 1

Recycling rate | Recycling amount (per ton of Crude product purity | Process cost

Recycling object | (%) battery) (%) (RMB)

Pt 96.7 57569 99.8 588

Cu 97.6 76.62 kg 99.1 43

Fe 95.7 616.5 kg 98.2 35
Zn 96.5 1.1 kg 99.3 121
Al 97.8 155.9 kg 98.8 57
Plastic 96.5 65.0 kg 97.2 42

[0041] It can be seen from Tables 1 to 3 that, in each ton of hydrogen fuel cell, the recycling rate of Pt in Embodiment
2 of the present invention is 99.7% , and the purity of the Pt crude product is 99.9%; the recycling rate of Cu is 98.6%,
and the purity of the Cu crude product is 99.6%; the recycling rate of Fe is 98.7%, and the purity of the Fe crude product
is 98.7%; the recycling rate of Zn is 99.5%, and the purity of the Zn crude product is 99.5%; the recycling rate of Al is
99.8%, and the purity of the Al crude product is 99.8%; and the recycling rate of plastic is 99.5%), and the purity of the
Pt crude product is 99.2%. In each ton of hydrogen fuel cell, the recycling rate of Pt in Embodiment 3 of the present
invention is 99.3% , and the purity of the Pt crude product is 99.8%; the recycling rate of Cu is 98.5%, and the purity of
the Cu crude product is 99.4%; the recycling rate of Fe is 98.6%, and the purity of the Fe crude product is 98.5%; the
recycling rate of Zn is 99.2%, and the purity of the Zn crude product is 99.3%; the recycling rate of Al is 99.5%, and the
purity of the A1 crude product is 99.5%; and the recycling rate of plastic is 99.3%, and the purity of the Pt crude product
is 99.1%.In the Comparative Example 2, the recycling rate of Pt is 96.7%, the recycling rate of Cu is 97.6%, the recycling
rate of Fe is 95.7%, the recycling rate of Zn is 96.5%, the recycling rate of Al is 97.8%, and the recycling rate of plastic
is 96.5%, respectively. The recycling rates of all components are lower than those in Embodiments 2 and 3, and the
process cost of recycling Ptis much higher than that in Embodiment 2. From this, it can be seen that by using the method
for recycling of the present invention, the process for obtaining pure platinum is simple, low in cost, and industrially
recoverable.

[0042] FIG. 1is a flowchart of a waste hydrogen fuel cell recycling process according to Embodiment 1 of the present
invention. It can be seen from FIG. 1 that the entire recycling process is simple and efficient. The recycling range includes
materials with a specific gravity of more than 99% and can obtain crude products with higher purity. The difficulty in the
whole process is the method for recycling platinum. The ashing treatment can directly increase the purity of platinum to
more than 98%. After two steps of high temperature chlorination and reduction, the platinum can be purified, and the
purity can reach 99.9%.

[0043] The method for recycling the hydrogen fuel cell of the new energy vehicle provided by the present invention
has been introduced in detail above, and the principle and implementation of the present invention have been illustrated
with specific embodiments. The explanation of the above embodiments is only used to help understand the method and
the core idea of the present invention, including the best mode, and also enables any person skilled in the art to practice
the presentinvention, including manufacturing and using any device or system, and implementing any combined method.
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Claims

1.

A method for recycling a hydrogen fuel cell, comprising:

(1) discharging and disassembling a hydrogen fuel cell to obtain a hydrogen supply system, an air supply system,
a cooling system and a galvanic pile;

(2) disassembling the galvanic pile into a catalyst and carbon cloth, and ashing to obtain ash;

(3) adding an auxiliary agent into the ash, mixing, introducing inert gas, heating, introducing oxidizing gas, and
absorbing tail gas by using an ammonium salt solution; and

(4) adding a reducing agent into the ammonium salt solution absorbing the tail gas in step (3) to react, filtering,
taking and cleaning a filter residue to obtain Pt, wherein in step (3), the oxidizing gas is one of chlorine gas or
bromine gas, wherein in step (3), the heating is carried out at a rate of 2°C-min-1 to 6°C-min-! and a temperature
of 1,000°C to 1,200°C;

wherein in step (3), the auxiliary agent is one of NaF, CaF,, KCI, NaCl or CaCl,.

2. The method of claim 1, wherein in step (2), the ashing is carried out at a temperature of 400°C to 600°C, and lasts
for 30 minutes to 60 minutes.

3. The method of claim 1, wherein in step (3), the inert gas is one of nitrogen, helium or argon.

4. The method of claim 1, wherein in step (4), the reducing agent is one of sodium thiosulfate, sodium borohydride or
hydrazine.

5. The method of claim 1, wherein in step (4), the ammonium salt solution is one of ammonium chloride solution or
ammonium bromide solution.

6. The method of claim 1, wherein in step (4), a further purification process of Pt after preparing Pt is as follows: adding
a leachate into Pt, heating, washing, filtering, taking a filtrate, adding a reducing agent for reaction, filtering, taking
and cleaning a filter residue to obtain pure Pt, wherein a mass ratio of Pt to the leachate is 1: (10 to 20).

Patentanspriiche

1. Verfahren zur Wiederverwertung einer Wasserstoff-Brennstoffzelle, umfassend:

(1) Entladen und Zerlegen einer Wasserstoffbrennstoffzelle, um ein Wasserstoffversorgungssystem, ein Luft-
zufuhrsystem, ein Kiihlsystem und eine galvanische Saule zu erhalten;
(2) Zerlegen der galvanischen Saule in einen Katalysator und ein Kohlenstoffgewebe und Veraschen zur Ge-
winnung von Asche;
(3) Zugeben eines Hilfsmittels in die Asche, Mischen, Einleiten von Inertgas, Erhitzen, Einleiten von oxidierendem
Gas und Absorbieren von Endgas mittels einer Ammoniumsalzlésung; und
(4) Zugeben eines Reduktionsmittels in die Ammoniumsalzlésung, die das Endgas in Schritt (3) absorbiert, um
zu reagieren, Filtern, Entnehmen und Reinigen eines Filterriickstands, um Pt zu erhalten, wobei in Schritt (3)
das oxidierende Gas eines aus Chlorgas oder Bromgas ist, wobei in Schritt (3) das Erhitzen mit einer Rate von
2 °C'min-1 bis 6 °C'min-1 und einer Temperatur von 1,000 °C bis 1,200 °C durchgefiihrt wird;

wobei in Schritt (3) das Hilfsmittel eines aus NaF, CaF,, KCI, NaCl oder CaCl, ist.

2. Verfahren nach Anspruch 1, wobei in Schritt (2) das Veraschen bei einer Temperatur von 400 °C bis 600 °C
durchgefihrt wird und 30 Minuten bis 60 Minuten dauert.

3. Verfahren nach Anspruch 1, wobei in Schritt (3) das Inertgas Stickstoff, Helium oder Argon ist.

4. Verfahren nach Anspruch 1, wobei im Schritt (4) das Reduktionsmittel Natriumthiosulfat, Natriumborhydrid oder
Hydrazin ist.

5. Verfahren nach Anspruch 1, wobei in Schritt (4) die Ammoniumsalzlésung Ammoniumchloridlésung oder Ammoni-
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umbromidlésung ist.

Verfahren nach Anspruch 1, wobei in Schritt (4) nach der Herstellung von Pt ein weiterer Reinigungsprozess von
Pt wie folgt durchgeflihrt wird: Zugeben eines Sickerwassers zu Pt, Erhitzen, Waschen, Filtern, Entnehmen eines
Filtrats, Zugeben eines Reduktionsmittels fir eine Reaktion, Filtern, Entnehmen und Reinigen eines Filterriickstands,
um reines Pt zu erhalten, wobei ein Massenverhaltnis von Pt zu dem Sickerwasser 1: (10 bis 20) betragt.

Revendications

1.

Procédé de recyclage d’une pile a combustible a hydrogéne, comprenant :

(1) décharger et démonter une pile a hydrogéne pour obtenir un systéeme d’alimentation en hydrogéne, un
systéme d’alimentation en air, un systeme de refroidissement et une pile galvanique ;

(2) désassembler la pile galvanique en un catalyseur et un tissu de carbone, et incinérer pour obtenir des
cendres ;

(3) ajouter un agent auxiliaire dans les cendres, mélanger, introduire un gaz inerte, chauffer, introduire un gaz
oxydant et absorber du gaz d’échappement a I'aide d’'une solution de sel d’ammonium ; et

(4) ajouter un agent réducteur dans la solution de sel d’ammonium absorbant le gaz d’échappement a I'étape
(3) pour obtenir une réaction, filtrer, prélever et nettoyer un résidu de filtre pour obtenir du Pt, dans lequel a
I'étape (3), le gaz oxydant est 'un des gaz de chlore ou de brome, dans lequel a I'étape (3), le chauffer est
effectué a une vitesse de 2 °C-min-1 & 6 °C-min-1 et & une température de 1 000 °C & 1 200 °C ;

dans lequel, a I'étape (3), I'agent auxiliaire est I'un des agents suivants : NaF, CaF,, KCI, NaCl ou CaCl,.

Procédé selon la revendication 1, dans lequel a I'étape (2), I'incinérer est effectuée a une température de 400°C a
600°C, et dure de 30 minutes a 60 minutes.

Le procédé selon la revendication 1, dans lequel a I'étape (3), le gaz inerte est I'un parmi I'azote, I'hélium ou I'argon.

Le procédé selon la revendication 1, dans lequel a I'étape (4), 'agent réducteur est I'un parmi le thiosulfate de
sodium, le borohydrure de sodium ou I'’hydrazine.

Le procédé de la revendication 1, dans lequel a I'étape (4), la solution de sel d’ammonium est I'une des solutions
de chlorure d'ammonium ou de bromure d’'ammonium.

Le procédé de larevendication 1, dans lequel a I'étape (4), un autre procédé de purification de Pt aprés la préparation
de Pt est le suivant : ajouter un lixiviat dans Pt, chauffer, laver, filtrer, prélever un filtrat, ajouter un agent réducteur
pour obtenir une réaction, filtrer, prélever et nettoyer un résidu de filtrage pour obtenir du Pt pur, dans lequel un
rapport massique de Pt au lixiviat est de 1 : (10 a 20).
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